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Abstract
Citrus fruits are markedly affected by aphids on the island of Réunion (France). These pests are generally controlled with
pesticides, which have adverse effects on human and environmental health. Furthermore, resident vegetation in orchards is often
eliminated with herbicides due to suspected competition with citrus trees for resources. Yet this resident vegetation could serve as
a habitat for natural enemies of crop pests, particularly ladybirds (Coleoptera: Coccinellidae), which are well-known aphid
predators, thus reducing the need for pesticide treatments. Results of a 2-year study conducted in an experimental citrus orchard,
on the impacts of four different weed management treatments on ladybird populations, viz: i) M: hedge-trimmer mowing; ii) T:
disk harrow tilling; iii) HM: hammer mill crushing/mulching; iv) H: herbicide spraying are presented. Ladybirds were captured
over a 5 week period each year usingMalaise-derived flight interception traps. A total of 690 ladybird specimens, belonging to 12
species distributed across four subfamilies, were captured. These were mainly aphidophagous, with Scymnus constrictusMulsant
being largely dominant. There was a significant effect of distance to a field border with diversified vegetation on ladybird
abundance and diversity. Ladybirds were also significantly more abundant on tall vegetation cover than on short cover.
Although proportionately fewer ladybirds were trapped in the ‘H’ treatment than in the other three, there were no clearcut effects
of weed management treatments on ladybird abundance. This study nevertheless confirmed the efficacy of interception traps for
assessment of ladybird population abundance and diversity. It also demonstrated the potential of these natural enemies as
bioindicators of habitat disturbance.
Keywords Réunion . Scymnus constrictus . Mowing . Tillage .Mulching . Herbicide . Flight interception trap
Introduction
With approximately 8400 t of different fruits produced each
year over 300 ha, citrus is the third ranking fruit crop on
Réunion island after pineapple and banana (DAAF La
Réunion, 2014; Agreste, 2015). However, pest pressure
due to the island’s tropical climate (high temperature and
humidity year-round) drastically limits production. Sap-
sucking insects are the main citrus pests in Réunion, partic-
ularly aphids (Hemiptera: Aphididae), such as Toxoptera
aurantii (Boyer de Fonscolombe) and Toxoptera citricida
Kirkaldy. They cause direct damage via sap uptake or hon-
eydew secretion, resulting in a sooty mould leaf coating
affecting photosynthesis (Quilici et al., 2003).
The latter species (T. citricida) is considered more harmful
as it is responsible for the transmission of Citrus tristeza virus
(CTV), a serious disease that causes relatively rapid progres-
sive citrus tree dieback depending on the rootstock-scion as-
sociations (Rocha-Peña et al., 1995). Aphid control is still
generally based on chemical treatments in Réunion.
However, there is growing public awareness on the need for
alternative cropping practices to reduce pesticide use to pre-
serve human and environmental health.
Plant species that constitute the resident vegetation in citrus
orchards are generally considered as weeds as they compete
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with the crops for water and/or nutrients. Citrus growers thus
generally opt to control this resident vegetation mechanically
(tilling) or chemically (herbicide applications), or both
(Hanson et al., 2017). These practices may be efficient in the
short term but they have an adverse effect on the environment,
since herbicide applications lead to a significant decrease in
beneficial insects in cropfields, while tilling is conducive to
soil erosion (MEA, 2005) and may damage the tree root sys-
tems. This study was undertaken in this context with the aim
of determining the extent to which different weed manage-
ment practices affect ladybird populations in the resident veg-
etation in citrus orchards.
Materials and methods
Study site and experimental design
The experimental site was a 0.3 ha citrus orchard (Citrus
sinensis x C. reticulata cv. Tangor grafted on Citrange
Carrizo) planted in March 2012, after a 2-year spontaneous
fallow, at the CIRAD research station, Saint-Pierre, Réunion
(21°19’25S; 55°29′18E; 153 m asl), in a Cambisol soil (IUSS,
2015) (66.4% clay, 25.6% silt and 8.0% sand). Tree rows were
planted 6 m apart with 4 m on-row spacing.
On the northeastern side, a pre-existing strip ofDesmodium
intortum (Mill.) Urb. (Fabaceae) separated the orchard from a
pre-existing hedgerow of endemic Réunion melliferous plant
species, viz: Dombeya acutangula Cav. (Sterculiaceae);
Psiadia retusa (Lam.) DC. (Asteraceae); Psiadia dentata
(Cass.) DC.; Indigofera ammoxylus (DC.) and Sida
exstipularis (Cav.) (Malvaceae). The block formed by the or-
chard and adjacent strip and hedgerow was surrounded by a
resident vegetation area which, along with the vegetation cov-
er in the 5 m-wide area between rows (Fig. 1), was controlled
with a hammer mill. The northeastern side of the orchard was
protected by a pre-existing jackfruit (Artocarpus
heterophyllus Lam. (Moraceae)) windbreak (Fig. 1).
An experiment was launched in March 2014, under a de-
sign with six replications, in view of assessing the effects of
four weed management treatments on beneficial arthropods in
the resident vegetation cover. The treatments were conducted
when consulted neighboring farmers considered that the veg-
etation cover was too high (70–80 cm high in at least one of
the four treatments), with the same timing for all four
treatments.
The four weed management treatments compared were:
mowing (M); tillage (T); hammer mill (HM), and herbicide
(H). Mowing was performed with a hedge-trimmer adapted to
cut weeds 10 cm above soil surface. A disk harrow (Grégoire
and Besson®) was used once or twice to destroy as many
weeds as possible by tilling the upper soil layer only. A ham-
mer mill (SML 155 SEPPI®) was used to crush weeds at the
soil surface level. Hammer mills are actually widely used for
weed management in citrus orchards in Réunion. The herbi-
cide treatment consisted of glyphosate applications (360 g/l at
4 l/ha) to eliminate all weeds.
The four treatments within each replicate [four 65 m2
(13 m × 5 m)] plot were pseudo-randomised to allow for
heavy agricultural machinery traffic in the inter-rows where
Fig. 1 Experimental design. Grey
lines represent tree rows between
the four weed management
practices: M (mowing); T
(tillage); HM (hammer mill); and
H (herbicide). The three replicates
used for ladybird sampling are
indicated with the letters A, B and
C. Traps are depicted as triangles,
i.e. white for those open to the
southeast, shaded for those open
to the northwest
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the tillage and hammer mill treatments were conducted.
Mowing and herbicide spray treatments therefore had to be
carried out in the same inter-rows so that they would not be
disturbed by this traffic (cf. Figure 1).
Field instrumentation and observations
From 20 April to 4 July 2016, and 6 April to 12 May 2017, a
pair of unidirectional flight interception traps developed by
Sarthou (2009) were placed ‘head-to-tail’ according to the
inter-row orientation (namely opening to the northwest and
southeast, respectively) on every elementary plot in the north-
ern half of the experimental design (namely 24 traps on 12
plots: cf. Figure 1). The trapping periods lasted 5 weeks in
both 2016 and 2017. There were three trapping sessions in
2016 and five in 2017. In 2016, traps were activated from
20 to 27 April just before weed management operations, and
then from 6 June to 4 July after this operation, on short but
growing vegetation cover. In 2017, trapping was carried out
throughout the period on high vegetation cover only, and not
later on short growing cover. The ladybird population decline
following weed management warranted this change, since
there were low numbers of individuals which would not allow
to discriminate the impacts of weed management modalities.
The sampling period could not be extended either because of
the pending threat that the whole orchard might have to be
eliminated for regulatory reasons due to suspicion of the pres-
ence of citrus huanglongbing (greening) disease. Ladybirds
were trapped in containers half filled with 70% ethanol and
the contents of each trap were identified and counted using a
stereomicroscope (EZ4 LEICA®) after each trapping session.
Identification to the genus or species level was based on
the studies of Chazeau et al. (1974), Quilici et al. (2003) and
Nicolas et al. (2015). Insect counts allowed calculation of
the Coccinellid entomofauna abundance (number of
trapped individuals) and diversity (Shannon index H′)
(Shannon, 1948).
The Shannon index was calculated by the following
formula [1]:
H 0 ¼ −∑pi log2pi ð1Þ
with i = 1 to s, where pi = the probability of meeting a
species i in a trap and s = the total number of species
encountered in the trap.
Statistical analyses
All statistical analyses were performed with R software (R
Core Team, 2015). To test the effects of the treatments on
ladybird abundance and diversity, an analysis of variance
(ANOVA) was conducted with a post-hoc Tukey test to adjust
P-values for multiple comparisons, after checking the data
normality (Shapiro test) and variance homoscedasticity
(Bartlett test).
Ladybird abundance was expressed as a percentage of
the number of trapped individuals over 5 weeks for each
pair of traps (i.e. on every elementary plot) to the total
number of individuals trapped throughout the experimen-
tal orchard. Data from both years (2016 and 2017) were
thus used to compare ladybird population distributions
and variations across treatments, despite the marked var-
iations in overall abundance between years, notably in
conjunction with high variations in aphid abundance on
trees. Hence, correlations between the numbers of
ladybirds trapped each year were calculated using
Pearson’s r, and cumulative numbers of trapped individ-
uals per plot (i.e. two traps) calculated over a 5-week
period.
A Kruskal-Wallis non-parametric test was used to assess
the effects of resident vegetation cover development on
ladybird abundance because of the non-normality of the data.
For this analysis, ladybird abundance was expressed as num-
bers of trapped individuals for every pair of traps (on every
elementary plot).
Results
Inventory of ladybird species trapped in the resident
vegetation cover in the citrus orchard
A total of 146 ladybird individuals were trapped in 2016, and
544 in 2017. The ladybird population composition was iden-
tified to the species level, except for Nephus spp. the first year.
Twelve different species belonging to four sub-families were
listed (Table 1).
In 2016 and 2017, respectively, 96.8%, and 92.5% of
the trapped ladybirds were aphidophagous. Over both
years, Scymnus constrictus Mulsant and Exochomus
laeviusculus Weise were dominant, respectively ac-
counting for 3/4 and 1/6 of the total number of
ladybirds trapped. Despite the between-year differences
in abundance, ladybird populations were similar in their
distribution throughout the orchard. The correlation be-
tween numbers of ladybirds caught in the trapping pe-
riods both years was significant (Pearson, r = 0.76;
P < 0.01).
Abundance and diversity of ladybirds according
to vegetation cover management
Data normality (Shapiro test:W = 0.9) and variance homosce-
dasticity were checked for the weed management treatments
(Bartlett test: χ2 = 1.354; d.f. = 3) and blocks (Bartlett test:
χ2 = 0.988; d.f. = 2). Over the two years, proportionately
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fewer ladybirds were trapped in the ‘H’ treatment than in the
three other treatments (Fig. 2a), but these differences were not
significant (ANOVA: F = 2.4; d.f. = 3; P = 0.095).
Conversely, differences between blocks were significant
(ANOVA: F = 7.44; d.f. = 2; P = 0.004). Significantly more
ladybirds were trapped in Block A, which was the block fur-
thest away from the border of endemic Desmodium and
melliferous species, than in Blocks B and C (Fig. 2b).
The same trends were found regarding ladybird diversity
(estimated only in 2017) assessed using the Shannon-
Weaver H′ index (Fig. 3). Data normality (Shapiro test:
W = 0.932) and variance homoscedasticity were checked
for both weed management treatments (Bartlett test: χ2 =
2.403; df = 3) and blocks (Bartlett test: χ2 = 3.112; d.f. = 2).
The weed management treatment effects were not signifi-
cant (ANOVA: F = 0.06; d.f. = 3), whereas differences
Table 1 List and proportions of ladybird species (Coleoptera: Coccinellidae) trapped in the resident vegetation cover in the experimental citrus orchard
at Bassin-Plat (Saint-Pierre, Réunion)
Sub-family Species Proportion (%) Diet*
2016 2017
Chilocorinae Chilocorus nigritus (Fabricius) 0 1.1 Aphidophagous
Exochomus laeviusculusWeise 18.4 16.5 Aphidophagous
Platynapsis capicola Crotch 0 0.6 Aphidophagous
sp1** 0 1.1 ?
Coccidulinae Lindorus lophantae (Blaisdell) 0 0.2 Aphidophagous
Coccinellinae Cheilomenes sulphurea (Olivier) 0.8 0.4 Aphidophagous
Psyllobora variegata (Fabricius) 0 0.6 Mycophagous
Scymninae Clithostethus arcuatus (Rossi) 0 0.2 Aleyrodiphagous
Nephus oblongosignatusMulsant 3.2*** 1.8 Coccidophagous
Nephus voeltzkowi Weise -**** 3.9 Coccidophagous
Scymnus constrictusMulsant 77.6 73.5 Aphidophagous
Stethorus histrio Chazeau 0 0.2 Acariphagous
*from Quilici et al. 2003
**Belonging either Brumus (Brumus cf. frater) or Brumoides (Brumoides cf. suturalis) genera; both genera should be subject to revision, since current
keys do not allow identification (Raphaëlle Mouttet, com. Pers.). Species belonging to either genus are generally considered as Coccidophagous or
Polyphagous (Nicolas et al. 2015)
***Figure for both Nephus spp. since they could not be identified to the species level the first year
****cf. ***
Fig. 2 Mean ladybird distributions in the experimental orchard at Bassin-Plat (Saint-Pierre, Réunion) according to: a. vegetation cover management
practices; b. block (= topographical situation). Groups with the same letters are not significantly different at P = 0.05 according to Tukey’s method
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between blocks were significant (ANOVA: F = 0.20; d.f. =
2; P = 0.047). Ladybird diversity was significantly higher
in Block A than in C, while this diversity in Block B was
intermediate (Fig. 3).
Trapping sessions were conducted before and after weed
management in 2016. For each treatment, data analysis find-
ings using the non-parametric Kruskal-Wallis test showed that
ladybirds were caught in significantly higher numbers on high
vegetation cover than on low or growing cover, both overall
(H = 21.2; d.f. = 2; P = 2.10−5) and individually for each weed
management treatment, with the exception of the HM treat-
ment (Fig. 4) (HM: H = 3.1; d.f. = 2; P = 0.21; T: H = 7.3; d.f.
= 2; P = 0.03; M:H = 5.5; d.f. = 2; P = 0.06; H: H = 7.4; d.f. =
2; P = 0.02).
Fig. 3 Distribution of ladybird diversity indices in the orchard resident vegetation cover according to: a. vegetation cover management practice and b.
block (=topographical situation). Groups with the same letters are not significantly different at P = 0.05 according to Tukey’s method
Fig. 4 Ladybird population
abundance in 2016 according to
vegetation cover development
and weed management practices.
Groups with the same letters are
not significantly different
according to the Kruskal-Wallis
test; *P < 0.05; ●P < 0.1). ‘High’
corresponds to high vegetation
cover, ‘Intermediate’ to growing
cover and ‘Low’ to cover imme-
diately after any weed manage-
ment operation
Int J Trop Insect Sci
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Discussion
Although proportionately fewer ladybirds were trapped in the
‘H’ treatment than in the three other treatments, no effects of
the weedmanagement treatments on ladybird abundance were
detected. However, ladybirds were significantly more abun-
dant on tall vegetation cover than on short cover. Each weed
management treatment favored different plant species, offer-
ing either refuge or alternative trophic resources (pollen, floral
or extra floral nectar, alternative prey, honeydew). The effect
of vegetation height may have been due to the high Poaceae
abundance—the presence of ladybirds on plants of this family
has often been reported (Koji et al., 2007; Dong et al., 2012;
Diepenbrock and Finke, 2013; Rhino et al., 2016).
The results also showed a decrease in ladybird abundance
after weed management operations, which is evidence that the
resident vegetation cover was less effective during its re-
growth phase. Hammer mill and mowing were found to be
the weed management practices that most favored regrowth of
Poaceae plants, which are favorable to hosting ladybirds,
while herbicide application had the most negative effect on
these plant species. It is assumed that herbicide treatment is
the most environmentally disturbing practice since it results in
virtually bare soil before vegetation cover regrowth. The im-
pact of the various weed management modalities on the flo-
ristic composition of vegetation covers is currently the focus
of a parallel study that we are conducting, but the results have
not yet been analysed. The results of the present study never-
theless suggest that ladybirds may, like Phytoseiidae mites (Le
Bellec et al., 2010), be used as bio-indicators of the impact of
weed management in citrus orchards, although they are more
mobile than mites.
The study also highlighted a significant block effect—a
priori an effect of distance to the multi-species hedgerow
and adjacent Desmodium strip—on ladybird abundance.
This hedgerow provides more permanent habitats and re-
sources for beneficial arthropods like ladybirds, resulting in
a ‘sink’ effect due to the attractiveness of this semi-natural
habitat (SNH) for this fauna. The same effect was found with
regard to biodiversity, with a lower Shannon-Weaver H′ index
value in the block adjacent to the multi-species hedgerow than
in the most distant block. Other studies have also shown that
ladybird abundance in cropfields was less affected by distance
to SNHs compared to other groups of beneficials like
hoverflies (e.g. Phoofolo et al., 2010; Hatt et al., 2017).
Conversely, the ‘sink’ role of SNHs for other predators (name-
ly earwigs) has also been documented in orchards (Marliac
et al., 2015). Our results should nevertheless be confirmed in
larger plots (e.g. citrus plantations).
The unidirectional flight interception traps we used
(Sarthou, 2009) allowed more local insect trapping than the
regular Malaise trap that is generally used for this type of
study (Malaise, 1937; Sarospataki and Marko, 1995; Sheikh
et al., 2016). Localised trapping enhances the relevance in
assessing the impact of a specific management practice on
flying insect populations since differences in population level
can more easily be ascribed to the immediate environment
(Sarthou, 2009). The use of unidirectional flight interception
traps was assessed here for the first time under tropical condi-
tions (J.P. Sarthou, pers. com.). They proved suitable for the
experimental design and for the target insect family, since 12
ladybird species were captured out of the 24 that have been
recorded on the island (Nicolas et al., 2015), and some of them
were captured in quite high numbers.
Furthermore, the results showed that fewer insects were
captured on low vegetation cover than on high cover, which
was consistent with the hypothesis that low cover height
provides a more open trap entrance, which favors the inter-
ception of insects flying over longer distances. Actually
larger plots should be used (e.g. citrus growers’ plots) to
avoid inadvertently capturing ladybirds coming from out-
side the plot, particularly from neighbouring plots on which
other management practices are used. Note that ladybirds
are able to fly a distance of more than 75 m within a field
from its border (Long et al., 1998).
It would also have been of interest to assess the relationship
between ladybirds as predators and their prey (sap-sucking
Hemiptera). S. constrictus is known to be preferentially
aphidophagous, although it may also prey on psyllids and
whiteflies (Quilici et al., 2003), while E. laeviusculus is more
polyphagous as it preys on all aphid species present on citrus
trees, but also on scale insects and mealybugs, and occasion-
ally mites. The abundance of these predators therefore does
not necessarily reflect a decrease in aphid populations. The
Sarthou trap is not adapted to trapping Hemiptera like aphids
or male mealybugs/scale insects due to the generally low pro-
portion of winged forms in their populations. Another trap-
ping or sampling method specifically targetting sap-sucking
Hemiptera should be used simultaneously in order to shed
light on this relationship.
Finally, from a conservation biological control perspective,
it would have been useful to determine the relationship be-
tween ladybird populations intercepted in the resident plant
cover and those observed on citrus trees (along with their
prey).
Conclusion
The findings of this study support the current trend in favor of
implementing alternative cultivation practices to achieve a
reduction or even suppression of synthetic herbicide and pes-
ticide treatments. This involves a trade-off between manage-
ment practices that encourage natural enemies such as
ladybirds and the need to avoid competition for water and
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nutrients from the resident vegetation cover, which would
adversely affect fruit production.
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